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USSR_TRERDS IN WORK ON HYDROCARBONS ?
AND THE COMBUSTION OF HYDROCARBONS i

[Comment: This report reviews recent USSR research on hydro-
carbons and techniecal developments based on research of this nature
as applied to diesel fuels and related fuels, such as tractor !
kerosene and turbojet fuel. An effort to broaden the crude-material !
besis for the production of fuels of this range is apparent in the f
work reviewed. Some of the research summarized emphasizes low pour :
points (a critical characteristic of turbojet fuels) rather then :
high cetane numbers, which are more important for diesel fuel appli -~
cations. The discussion of the prospects of producing special fuels
synthetically on an industrial scale is of particular interest.

From this standpoint, the hydropolymerization of butadiene apparently :
offers the best possibilities. L

Humbers in parentheses refer to appended sources. ]

Purpose of Current Research

USSR authors state that increasing attention must be paid in that country {
to work on hydrocarbon fuels of the composition Cip - Co5 and have published
results of recent work done by them along these lines.(I] 4)

In his book on motor fuels, A. D. Petrov summarizes the results of a
systematic investigation of hydrocarbons carried out at the Institute of
Orgenic Chemistry, Acadeny of Seiences USSR, and the Chair of Organic
Chemistry, Gor'kiy State University, with the view of determining the
composition of hydrocarbons which have the most desirable characteristics as
diesel fuels., He states that in research of this type hydrocarbons ought to
be found which have pour points of minus 500 and lower, and cetene numbers
lying within the medium range of 40-50, because the designs of diesel engines
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which are available at present do not warrant the use of fuels having cetene
values higher than that. He adds that hydrocarbons having a pour point with-
in the decired low rangs, but cetene numbers which are much lower than 40-50,
can be used in air reaction engines of the gas turbine type [e.g., turbojets]}.
As far as fulfillment of raquirements for diesel fuels is concerned, Petrov .
staves that the isoparaffins are the most satisfactory class of hydrocarbons 3%
in that respect, bzcause they not only have low pour points, but also exhibit
satisfactory temperatures of spontaneous ignition, i.e., ignite at low com-
. pression ratios. Petrov further says that isoperaffins have a low viscosity,
) which makes possible inciusion of isoparaffinic hydrocarbons of higher molecular
welghts (corresponding te an upper limit of 2L carbon atoms or more in the . i
molecule) as comparsd with straight chain paraffins or aromatics, into the
composition of diezel fuels and broadens in & similar manner the fraction that R
can be uzed as gas turbine fusl, i.8+, in & type of application which requires
still lover viscositiss. He suggests that the relatively lov tendency of
isoparaffins tc oxidize, which iec tpe only drawback of this class of hydro-
carbons, may be improved by adding ethers, peroxides, or nitrocompounds.

He further states that paphthenic hydrocarbons, which have the same un-
desirable wiscosity charasteriitics as aromatic cemrounds, are  characterized
by higher cetene numbers and lower pour points than the corresponding uromatic
nydrocarbons, so that the latter can bte improved by subjecting them to low-
temperature hydroge=ration and thus converting them into naphthenes. He also
recommends that industrial synthesis of diesel fuel additives which lower the
pour point be carriel out by alkylating aromatic hydrocarbons and thereby
introducing a long-tranched cha:n into the benzene nucleus or & short chain
into naphthalene to cwnthesize monoaikyldecahydronaphthalenes. According to
Perrov, another possibility of synthesizing diesel fuel pour point depressants
is polymerization of normal olefine {e.g., n-butene) with the aid of catalysts
which do not produce tsomerization, or polymerization of such olefins by means
of electric dischargss. (i)

Work on the polymerization of unsaturated hydrocarbons by means of
electiric discharges has been conéuctad by USSR workers. A suamary of research
cr this gubject ir contained !n & monogreph waitten by D. N. Andreyev.(5)

Industriel Synthesss of Spesial Fuels .

In discussing the correlation between chemical constitution and low
pour points in potent:isl -ompessnts ¢f diesel fuels within the Cla -Cyy
range, A, D. Petrov ouilinee the properties of {1) hydrocarbons possessing
4 struciure of the 2,2,k,6,6 -pentametnylheptane (hydrogenated triisobutylene) i
type; (I1) hydrecarbons having a comewhat different {T-shaped) structure of : 2
the trislitylmethars type {(c.g., tributylmethane); (IIT) hydrocarbons of the
tetraalkylsthane typs and {Tv) hydrocarbons which have a structure of the J
"eomh" type (e.g. triethy:tetradecane), After pointing out that hydrocarbons ;
of the type T1, which nave ouly one tertiary carbon atom [and lack the
quaternary rcarbon atome that ars characteristis for type 1],exhibit a maximum
oxidability whick is close to that of normal paraffins ane results in lLigh
cetene numbers, while at the same time the pour points are lov by reason by
the asymmetric s‘ructwre of the hydrocarbons, Petrov states that convenient
methods for the industrial :ynthesis of hydrocarbons of this type are not
availabtle as yet. Hz goes or ‘o say that application of the Grignard
synthesis for ihe productiorn of kydrocarbons of this class on an industrial
scale is not out of the question.
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However, he points outr, that notvithstanding the ready availability of
the starting materials for this typs of synthesis (oleic and enanthic acids
and primary alkyl chlorides such as hexyl chloride and monyl chloride), which
are obtained by the distillation and hydrogenation of natural and synthetic
fatty acids. or derived from distillation and hydrogenation products obtained
in this manner, the industrial Grignard synthesis or components of diesel -
fuels will be prohibitive from the ctandpoint of cost, at least in the near
future, although cheap magnesiug may be available. According to Petrov,
application of the Grignard synthesis {in combinntion with a Wuertz synthesis)
will likewise not Pay iv the industrisl production of hydrocarbons of type
I1I, which Furthermore have low knock stability as compared with hydrocarbons
of 1ype 11. Petrov states that a two-step process, consisting of a Grignard
synthesis followed by & Wusrte synthesis, is feasible, as far as cost considera-
tions are concerned, dnly for the industrial production of special lubricants.(l)

Elsewhsrs in the book, Petrov states that it might be possible to produce
industrially by mears or the rignard syothesis both hydrocarbon diesel fuel
emponents and hydroearbor dvbricating oils at inetallations similar to those
used for the produstien o7 silicones. and under the same conditions.(z)

After diszussing hydrocarbons of type I1I, Petrov says that the most
Promising hydrocarbons, from the £tandpoint of the industrial synthesis of
diezel oil COmporents, ars tnose of type 'V, because they can be prepared in
a8 simpie manner Ly POiymerizing butadiens at low temperatures in the presence
of buty! lithium ‘1.e. ty sppiving a variation of the Ziegler synthesisl or
by subjecting buraciere to hydropolymerization. He adds that while the anti-
krock propertdies of this clase of hydrocarbonz have not been investigated as
yet, their pour PCInts and ceten:s numbers proved to pe very satisfactory,
the latter anounting o about 90 for hydrocarbons having pour points below
minus 600C. According o Perrov, the pour points and cetene number of
synthetic hydrorartors 7T thir type are supsrisr by a factor of two to those
Fhown by products of the golicTive varification of petroleum gas oils after
raraflov Lad veen adced +q the refired preducts of this purification, i.e.,
fractions from whick Aromatics and paraifing having high pour points had
heen removed.f1)

In Petrov'g discuzgion of the chenistry of diesel fuels and of other
fueis vhich are olgse o them in fractional composition, the problem of
attalining lew pour points is emprasized. N. I. Chernozhukov's handbook
of petroleun tachnclogy states that the puur point of the frel is of great
imperzance in the operation of high speed engines: according to USSR
technical specificaticna, sumzer diesel fuel fop automobile and tractor
engines should have g Four peint no higher than minue 10°C, winter diesel
fuel for the,same “¥Pis of engines a pour Pboint no higher than minus 359,
and aviaticn diessl fusl a pour point no higher than minus 60°C. This
ook farthermore gtatss tpa- low pour rpoints are of particular importance
in fuel that is to be uced in turbecompressor air reaction engines [twioojets],
becavee low StArting temperatures may be encountered in the winter and the
ERELNes mMust operate at low t<mperatures of the surrounding air, The desjrable
characterisiics of furbojet fuels are outlined in some detail in this book (6)
on the basis cf data contained in Neftyanoye Tovargovedeniye (Petroleum Products)
by B. V. Losikov and 1. P. Lukashevich. According to Losikoy and Lukashevich,
turbojst fuel must rems:n perfectly fluid at minus 500C.(7) Chernozhukov
repeats this ststement and amplifies it by citing specifications for turbojet
fuel from rhe US periodicat Perroleunm Processing, Oct 1946, p. kS, These
specifications stipulate thar {ha bpour peint of turbojet fuel must not exceed
minus 60°C.(6)
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Losikov and L-smshevich state that the petroleunm fraction corresponding
to kerosene [0y4 . og) forms the best turbojet fuel

a fraction conelel =z Primarily of paraffin hydrocarbons is best for this
type of applicatioun, fueiz haviy i

¢an be used if tye cmbustion is conducted in such a ma
drawbacks of arom=—ics are eliminated.
‘emparature ang for=tatton of
the turbine vlada: (1)

nner that the chief
These drawbacks are a high ignition
carbon tarticles whieh may cause erosion of

According to Petrov, aromatie hydrocarbons are very
ients of air reaction engine fuels.{1)

undesirable corc tie—

Petrov on Current L=evolopments

In the intrody 1201 to his hook on motor fuels, Petrov outlines the
interrelntvionships Tkvesn diegey Tuels, gas turbire fuels, and related
tyres of fuels intzp fol loving zoreral terms, giving some attention to the
elfects exerted by esropat 1¢ censtituents of some of these fuels:

The applicatine of nethods of complete conversion to

cracking and hydropstatiorn cracking) hag resuited in a bettep utilization of
crude petroleum and fynthetic 1iquid erude materials. Extensive use of
d12:21 engines and 3 ou 21y of alr reac<ion engines (gas turbines, turbojets)
and rocket Sngines =g corntributed to g 5t111 more complete utilization of
these crude maverda) o, The solar cils and fuel 0ils ("motor petroleun" }
used ag diezel fus oihr same time Tepresent crude material for cracking.
Diesel “usl ang art deularly disscl fuei which bas a low autoignition point

must sztiefy cer-ayn S0 {1 requirements in regard to its quality. The
degres of Enocxing o-f Gieser

- £ngines depends op the inflummability of the
fuel used in TReMm. Tlhe use ¢f a fuel that 1gnites readily results in a
smooth operation of e Gresel engine. It has been established that reduc -
ticn of the inductiom period of tgnition results in a Smooth operation of
the dicgel shfine sndelimination of Xrocking.

gasoline (ordihary

<
ul
a

 reduce the induction
DERZBLZ Wy nnd acet aldehyde) 1

o whersaddoes 1o g d1esel fuel. QOn the other hand, antiknock
scline {4 g, telraethyl lead and benzene) are not acceptable
T

45 additives ¢ diesa ol fu21 bacauce they function ag knock promoters when
addzd re thie fuel.

pericd of ignition {e.g.,
unction as effective anti.

Fuels conslatin palnly af normal paraffins produce the strongest
knockitg in careurstozr motors. Op the cther hand, paraffin fuel can be
uced mogt effertively | diesel engines. For instance, diesel fuels
gerived from Surekbhay  g=g irozny crudes insure smooth operation of the
englnes, This 15 dug have a relatively

le the fact +hat paraffinic fuels
low autcigmitior, lanmpe=retore,

When different Lede s o fuel are combined, a fuel which has the desired
cetene uumber cap Lo cMained. For instence, a diesel fyel that was used
rather extersively iy (e LAy consisted of a coal-tar fraction having .
Cetene number . ower thn 30 and & cynthin fraction having a cetene number
of 100 (ayn‘.hin consis .l¢ of synthetic, mastly normal hydrocarbons of the
Pararfin and olefin se-rles which have been Tormed by reacting carbon monoxide
with hydrogen osver a ;.qalt catalyct),

As compared with cartwretor engines,
tengively, farticulari-vin Weszern Europe and the US, However, one must
consjider in this Cornecot o the expanding manufacture of diesel engines and
the fact that the woteT fuels which are available in the USSR are to some
extent different frem ' se which are available abroad.

diesel engines are not used ex-

- L.
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The socialist economy of the USSR has created exte
for the use of tractors, wotorbuses, and motop trucks.
freight transportation by motor truck nas stimulated the
diesel engines. This ip t

urn has resulteg in
on fuels Possessing suitabie characteristics f

nsive Possibilities
The development of
manufacture of
extensive attention to work
or light diesel engines.

The kerosene fractiog {200-30007) gpg the ligroin
(65-300°C) are required not oply rop diesel engines,
and rocket engines which were developed at the end of
the paraffin hydrocarbong of gasoline symthesized from
Primarily in the first type of engine
Type [rocket engines ) were
#asoline containing more th

-Kerosene fraction
but also for the Jet !
World War II. While ‘
vater gas were useq
[ et engines], engines of the second
operated by Using either "argbin” (an aromatic
rvons), or the xylene

fraction of coal tar, destructive :
hydrogena<1ion of coal. The rocket engi ‘Iponent of any of the three
types mentioned was cembined with ap amine, catechol, or some Other initiator
of ignition. Ignition wag Droduced by mixing the fuel with nitric acid.
According 1o some direc:jons, mixtures of alcohols (methyl alcohol mixed with
ethyl alcohol) ang liquid OX:gen or hydrogen Peroxide vere used.

One mus+ alse remark that w
isoparaffing Was considered begt for
frequent use of engines under copdit
war has convributed +
and 1n consequens = 9 an increased demand for fuels rich i

hydrocarbone.

)

hile prior 1o

Petrov concludes this 44
for aromatie hydrocarbons /
Phenols) for modern
&romatic hydrocarbon

that the increased demand

mpounds such ag amines and_
motor fuels apg propellants

§ 0 be used in the explos
industries has not

only resulted ip a re
induatry by toUNlries which

Italy, but hes slso stapn
vhere plentify

ives and synthetic rubbep
rention of the ecoal liquefaction
lack petroleun resources, such ag Germany and
ulated the development of this industry in countrieg
1 supRliac of crude petroleun exist.(3)

Sneoificatlons for Diesel Pyel

e 2lE 1r Diesel Puel
In disrusslng dleczl £y, Ukashevich state that up to

oV this type of fuel consiataeq chiefly of straight-run distillates., They

point out, howevar . that gas o071 fractions comprige LO48% of the products

resulting from catalysie cracking and that Bus oil derived from cracking ;

will form an increasing proportion of the total amount of diesel oil1 85 the

application of catalytin cracking expands. They outline the charncteristics

of the five standard grades or diesel fuel which are being supplied bresently

by the USsR Petroleun industry. Thig information is glven in the attached

table.(7) 1 outlining the properties of diesel fuelg, Chernozhuxov says

that light diesel fuels must have o cetane number of gt least 50, apg that

light diesal fuals of the [sL:alght—runj distillate type having a stristly

limited boiling temperature range are now useq predominancly in high-gpeed

els, Losikoy and L

diesels.(6)
Brosdening of Raw Maverjal Busis

A recent artjcie Published in a USSR periodical states that the increased
production and uge of high

-speed diesel engines raises the question of extending
the range of raw materiale used for the production of diesel fuels. According

to the authors of the article, it is necessary to broaden the rather narrow
keresene-gas o1] Iraction from which fuel fop high-speed diesels was derived

hitherte and whicn is not available in sufficient quantities by including in ‘
1t both heavier ang lighter constituents of crude Petroleum. They also suggest

-5 - 4
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that kerosene-gas 01l fractiong obtained by Secondary treatment or Petroleum
and by thermal decomposition Or other types of treatment of solid fuels
i.e., Products’ of catalytic ciacking, thermal cracking, hydrogenation,‘the
Synthin Process, ete.) be utilized fop the production of diesel fuel, On
the basig or the expérimental results obtaineq by them, the authors conclude
that the diesel fuels and tractor kerosenes used in the USSR show & somewhat
lower Performance than the standard fyej used in theip investigation, They

the most effective remedies improving the quality of diesel fyel they recommend
Treduction of its acidity by extraction with caustie alkalj. They also state
that although the use of tractor kerosene wag found to result in somewhat
rougher Operation under certain conditions ag compared with the standapg fuel, ;
tractor kerogene may still be transformeq into a diesel fuel of acceptable i
quality if the cetane number can be raised tg boks, 1 addition to this the ;
authorg make several other Practical recommendationg. They state that on the
basis of the work described by them, which involves comparison of acid-free
diesel fuel, acid-contﬂining diesel fuel, traectopr kerosene, solax oil, ang
motor o011 pp.y (M3) with the standard fuel, new standard requirements for
diegel fuel ag deSeribed by GOST (State All-Union Standard) hho kg [of
attached table] were developed and put into effect.(h)

standard requirements GOSP b7hg g cited by Losikey and Lukashevich dg not
contain any Stipulation ipn regard to thig property (cf. attached table),

On the othep hand, the ygsg handbook of chemical Products which was publisheqd
b years later containg an add{tiona] Tequirement in Gosp Lbodg o the effect
that the scidity of fuels of this type, as measured ip milligrams of Potassium
hydroxide per 100 milliliters of fuel, must not ¢xceed the value of 5.(8)

[Table showing characteristics of fuels fop high-speed diesel, engines
follows. )

-6 - {
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Characteristics of Fuels for High-Speed Diesel Engines (7)

Physical and Chemical Solar 0il Arctic Diesel Winter Diesel Sumer Diesel
Properties Fuel Fuel Fue. .
GOST 1666-h2 GOST_4749-45 "

Cetane Number no Lower Than - Lo : %o . us

Fractional Composition

10% distil over at a
temperature (in ©C) no
lower than

50% distil over at a
temperature (in 9C) no
higher than

90% distil over at a
temperature (in °C) no
higher than - 300 335
96% distil over at a
temperature (in °C) no
higher than - 330 -
Viscosity at 20°¢

kirematic in centistokes - 2.5-4.0 3.5-6.0 3.5-8.0
E,. ldegrees Englerz]

= conventional degrees - 1.15-1.30 1.25-1.45 1.25-1.70
Viscosity at 50°C

kinematic in cent:stokes 2.8-9.0

Eso 1.2-1.75 -

{adjoins page 8 here.]

- Special

Fuel

50

280

Diesel

2.5-h.0

1.15-1.3

50X1-HUM
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[Adjoins Page T here.)

Coke in %, no More Than - 0.05
Ash in %, no More Than 0.025 0.01

Sulfur Content in %, no
Higher Than 0.2 0.2

Flash Point in O¢

according to Martens-
Penskey, no lower than - 35

1 aécording to Brencken,
1o no lower than 125 --

<] Pour Point in °c, no
I Higher Than -20 -60
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